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© Induction of galactose regulated gene expression In yeast 

g) A process for the production of a protein or peptide which 
is heterologous to yeast which comprises inducing the 
expression of the protein or peptide in a yeast, which has been 
genetically modified to be. capable of expressing the heterolo- 
gous protein or peptide upon Induction by galactose, the 
induction being carried out in the presence of a galactose-con- 
taining medium which contains a significant amount of glucose, 
and obtaining the said heterologous protein or peptide 
therefrom. 
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Description 



INDUCTION OF GALACTOSE GENE EXPRESSION IN YEAST 



This Invention relates to the induction of galactose 
regulated gene expression in yeast. 

The yeasts are a group of lower eukaryotic s 
micro-organisms showing biological and biochemi- 
cal diversity. In common usage the term "yeast' is 
used to describe strains of Saccharomyces cerevi- 
ske that have commercial value in baking, brewing 
and distilling. Related yeasts are used in wine 10 
making and sake brewing, as well as in the 
production of fuel alcohol from sucrose or hydro- 
lysed starch, and in the treatment of effluents. 

All the yeasts used for brewing, baking and 
distilling may be taxonomically classified as Saccha- 15 
romyces cerevisiae . Included within this classrfica- 
tion are the top fermenting ale yeasts (§. cerevisiae) 
and the bottom-fermenting lager yeasts (S. uvaru m 
or S.Carlsbergensis) . 

In a strict sense the term "brewers yeast* 20 
differentiates yeast used in brewing from all other 
yeasts In that it is a yeast strain which is used to 
make beer, Le. a strain of yeast used currently in a 
beer manufacturing process. Such yeast must be 
able to produce a palatable acceptable beer by their 25 
fermentative action upon hopped or unhopped malt 
extract (brewers wort). The primary products of this 
fermentation are ethanol and carbon dioxide, which 
are essential constituents of beer. However, not all 
yeasts belonging to the species S. cerevisiae are 30 
capable of fulfilling these requirements. Indeed, the 
critical factor in this respect is believed to be the 
ability of the yeast strain to form in subtly balanced 
proportions, quantitatively minor metabolic products 
such as esters, acids, higher alcohols and ketones. 35 
A yeast may be unsuitable for brewing because one 
or more of these minor metabolic products is 
produced In excessive amounts, either in absolute 
terms or relative to one another. (Rainbow, C.A., 
I970, In "The Yeasts", eds, Rose, A.H. & Harrison J.S. 40 
Vol. 3, p. I47). 

In a general sense brewers yeast is differentiated 
from other yeasts by the properties which ft 
possesses. Most strains of industrial yeast, unlike 
laboratory yeast, are incapable of undergoing mat- 45 
ing; they are said to be homothallic. Industrial yeasts 
are usually aneuploid or polyploid, and there is 
therefore a reduced incidence at which gene 
mutations are phenotyplcaily detected. Most poly- 
ploid strains do not sporulate or they produce so 
spores of very low viability, thus frustrating any 
meaningful genetic analysis. These factors together 
tend to confer a measure of phenotypic stability on 
industrial yeasts which may contribute to their 
selection for industrial application. Similarly gene 55 
dosage which is associated with high ploldy may 
contribute to the general fitness of such strains for 
fermentation as compared to haploids and diploids, 
which generally ferment poorly. 

In addition, brewers yeasts have certain techno- 60 
logical behaviour which equips them well for interac- 
ting with their normal environment, Le. brewers' 
hopped wort, for example the ability to ferment at the 



top of the fermentation vessel (ale yeast) or the 
bottom of the vessel (lager yeast). 

In European Patent Application No. 84308981.4 In 
the name of Bass PLC, published under No. 147198 
them Is described and claimed a process for the 
production of ethanol and a protein or peptide which 
is heterologous to yeast which comprises ferment- 
ing an aqueous carbohydrate-containing medium 
with a yeast strain which has been genetically 
modified to be capable of expressing a heterologous 
protein or peptide, recovering the ethanol so 
formed, and obtaining the said heterologous protein, 
or peptide from the fermentation products. 

The invention of that Application is based on the 
discovery that it is possible to use, in an industrial 
fermentation invorvmg the production of alcohol, 
genetically modified yeast capable of expressing a 
heterologous protein or peptide. Surprisingly, it was 
found that the use of such yeasts Is compatible with 
industrial or brewery fermentation conditions. This 
means that the excess yeast obtained In the 
fermentation provided a source of the heterologous 
protein or peptide and thus has much enhanced 
industrial value. Further, since the alcohol product 
remains the principal objective of the fermentation, 
and the conventional equipment can largely be used 
with little alteration, the additional cost of producing 
the higher value yeast product is small, so that the 
new process may provide an economically viable 
route to heterologous proteins or peptides which, 
although valuable, do not command a premium 
price. 

When the process of the aforesaid Application is 
operated to produce an aqueous potable liquid such 
as beer, at the end of the fermentation, the 
fermented liquid Is separated from the yeast (and 
normally any other solid material present In the 
fermented medium). In these circumstances, ft is 
clearly desirable, and Indeed normally essential, that 
the fermented liquid shall not contain the heterolo- 
gous protein or peptide, since it Is normally 
unacceptable for the heterologous protein or pep- 
tide to be present In a liquid which is to be drunk. 

In the said Application it is stated that, In such 
circumstances, the heterologous protein or peptide 
may be obtained from the yeast cells. 

In European Patent Application No.86303039.1 
(Isolation of Fermentation Products) In the name of 
Delta Biotechnology Ltd., published under No.201239 
there is described and claimed a process for the 
production of ethanol and a protein or peptide which 
is heterologous to yeast, which comprises ferment- 
ing an aqueous carbohydrate-containing medium 
with a yeast strain, which has been genetically 
modified to be capable of expressing heterologous 
protein or peptide, recovering the ethanol so 
formed, and obtaining the said heterologous protein 
or peptide from the waste yeast, by a process of 
post-fermentation Induction. Normally the express- 
ion of the heterologous protein or peptide is induced 
after the yeast has been separated from the 
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fermented liquid, and subsequently the heterolo- 
gous protein or peptide is separated from the yeast 
Operation in this manner avoids the risk that the 
fermented liquid Itself may become contaminated 
with the heterologous protein or peptide. Further- 
more it avoids any risk of the fermentation perfor- 
mance of the yeast being comprised by the 
presence of the heterologous protein or peptide 
and/or the synthesis of the heterologous protein or 
peptide. 

Various genetic systems have been identified as 
having potential for regulating the expression of 
heterologous genes in brewing yeast in accordance 
with the method described in the said European 
Patent Application No.86303039.1. One genetic sys- 
tem which is particularly useful for application In this 
process uses galactose to effect the expression of a 
galactose regulated gene. This is achieved by fusing 
a heterologous gene, for example the Human Serum 
Albumin gene or the LacZ gene of ELcofl, to a yeast 
gene promoter which mediates the galactose induc- 
tion process. In the aforementioned European 
patent Application No.86303039.1 a DNA sequence, 
the GAUO upstream activation sequence, is de- 
scribed which was fused upstream (5') of the CYCI 
messenger RNA start site to form a hybrid yeast 
promoter, GAL10/CYC1 (Guarente etjl. 1982, Pr^ 
ceedlngs of the National Academy of Science, USA ; 
79, 7410-7414). This hybrid promoter is regulated In a 
manner analogous to the GALIO gene of yeast, that 
is, It is induced by galactose and repressed by 
glucose. Thus, when yeasts harbouring, for example, 
plasmid pLGSDS, which contains the GAUO/CYCI 
promoter fused to the LacZ gene of Ecoli are grown 
In a medium containing galactose they produce 
twenty-fold more p-galactosidase enzyme than when 
grown on a medium containing both galactose and 
glucose, thereby Implying that glucose is capable of 
repressing transcription from the GALIO/CYCl pro- 
moter (Guarente et aJ, 1982). 

However, although galactose is effective for 
inducing heterologous protein production In geneti- 
cally modified brewing yeast by a post-fermentation 
induction process, the use of such a system has 
significant economic limitations because of the 
expense of pure commercial galactose. Cheaper 
sources of commercial galactose are available but 
these contain significant quantities of glucose. 

For example, commercial sources of galactose 
derived from whey permeates, a waste product of 
the dairy industry, or from the enzymic and/or 
chemical hydrolysis of lactose, contain substantial 
amounts of glucose. Cheap galactose is also 
available as a constituent of hydrolysed raffinose, a 
waste product of the sugar beet refining industry. 
Whereas analytical and reagent grade galactose 
normally contain less than O.OHVo and less than Mb 
glucose respectively, milk sugar may contain up to 
40 or 45% glucose and the hydrolysis product of 
lactose may contain 5Wo glucose by weight relative 
to the total weight of the sugars present. 

Since it has previously been found that the 
promoter which mediates galactose induction is 
repressed by glucose in generically modified brew- 
ing yeast, it would be expected that galactose 



induction of gene expression cannot satisfactorily 
be performed in a medium which contains glucose. It 
has, however, surprisingly been found that geneti- 
cally modified brewing yeast can be Induced to 

5 produce significant quantities of heterologous pro- 
tein or peptide by a post-fermentation induction 
process in the presence of a galactose medium 
which contains substantial amounts of glucose. 
Accordingly the present invention provides a 

10 process for the production of a protein or peptide 
which is heterologous to yeast which comprises 
Inducing the expression of the protein or peptide in a 
yeast, which has been genetically modified to be 
capable of expressing the heterologous protein or 

15 peptide upon Induction by galactose, the induction 
being carried out with a gaiactose-contalning me- 
dium which contains a substantial proportion, nor- 
mally greater than l<Vb by weight, of glucose relative 
to the total weight of the galactose and glucose 

20 present, and obtaining the said heterologous protein 
or peptide from the said medium. 

Thus the process of the present invention can be 
carried out in the presence of an amount of glucose 
which would inhibit expression of the protein or 

25 peptide if the yeast were In Its growth phase on a 
medium containing glucose. 

The gaiactose-contalning medium normally con- 
tains more than P/o glucose by weight, for example 
5<Vo to 6O0/0 glucose by weight, relative to the total 

30 weight of galactose and glucose present. 

The yeast may conveniently be obtained from the 
brewing industry operated with yeast which has 
been genetically modified. Preferably the yeast Is 
obtained as a product of a fermentation process 

35 which is carried out in an aqueous carbohydrate- 
containing medium under such conditions that the 
yeast multiplies and no expression of the heterolo- 
gous protein or peptide takes place. 
The brewing yeast is preferably a genetically 

40 engineered modification of an Industrial strain of 
Saccharromyces cerevisiae or S.carlsbergensls , 
preferably brewing yeast NCYC 240, BB6, BBI0J, or 
BBH. 

The fermentation which may produce the yeast 

45 used in the present invention is carried out under 
conditions such that the yeast reproduces in the 
usual way but little or no heterologous protein or 
peptide is produced. Then, normally after the yeast 
has been separated from the fermented liquid, 

50 expression of the heterologous protein or peptide is 
induced, and the protein or peptide so obtained is 
separated from the yeast. 

The induction of heterologous gene expression In 
yeast which is used for brewing must be compatible 

55 with the demands of the beer fermentation if it is to 
be used In the present invention. In this respect it is 
necessary to Induce gene expression with an 
effector or condition which is normally not present in 
brewers 1 wort and beer. The gene expression 

60 system for inducing the production of heterologous 
proteins and polypeptides in yeast and suitable for 
use in the present invention utilizes galactose to 
stimulate gene expression and is particularly useful 
since brewers' wort does not usually contain 

65 sufficient galactose to effect the expression of a 
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galactose regulated promoter. Consequently, such 
galactose-regulated gene expression systems are 
not functional In brewing yeast during the course of 
a beer fermentation. 

The yeast strain used in the new process must, of 
course, be suitable for the type of industrial 
fermentation contemplated if this is the manner in 
which the yeast Is prepared. This objective may be 
secured by carrying out the genetic modification on 
a yeast strain which is known to have the desired 
characteristics, since it has been found that the 
desirable characteristics which make a yeast strain 
suitable for a particular type of industrial fermenta- 
tion can be maintained during the genetic modifica- 
tion. For example, where the fermentation is one for 
producing beer, the yeast strain chosen for genetic 
modification is preferably a known strain of brewers' 
yeast currently used in such fermentations. As 
already noted, such industrial strains of brewers 
yeast have characteristics different from those of 
"laboratory yeast", including in particular the ability 
to ferment hopped brewers wort 

Similarly, where the industrial fermentation is one 
for the production of alcohol which is separated by 
distillation, it is necessary to use genetically modi- 
fied yeast obtained from a strain suitable for such 
fermentation. In such fermentations, the source of 
carbohydrates may be, for example, grain, potatoes, 
cassava, sugar cane, sugar beet or a Hgnocelluloslc 
material and may optionally have been pre-treated, 
e.g. by chemical, enzymic or physical methods, to 
convert cellulose and/or starch therein into ferment- 
able sugars. 

The genetic modification of yeast may be effected 
by the application of known techniques. Suitable 
methods are described in the literature, and particu- 
lar methods are given in the Examples below. 

After the industrial fermentation has been carried 
out in the usual manner, but using the genetically 
modified yeast, the yeast is separated and induction 
of the desired heterologous protein or peptide is 
initiated by exposing the yeast to the galactose-con- 
taining medium. While the galactose may be added 
to the yeast in a single batch, it is generally 
preferable to add the galactose-containfng medium 
gradually to the yeast in a fed-batch process. 

A wide range of heterologous proteins or peptides 
may be expressed in the yeast By way of example 
mention may be made of enzymes such as beta-iac- 
tamase, beta-glucanase, and beta-galactosidase. 
Other useful heterologous proteins and peptides 
include materials of human origin and/or useful in 
therapy, such as human serum albumin and immuno- 
globulins. Methods are described in the literature for 
the genetic modification of microorganisms to 
enable them to express such proteins and peptides. 

The following Examples I, II and Hi illustrate the 
preparation of materials and the processes used in 
the present invention. Examples IV and V illustrate 
the present invention. Unless otherwise stated all 
the methods and materials used in Examples III, IV 
and V are as described in Examples I and II. The ten 
figures of the accompanying drawings show respec- 
tively: 

I. Construction of plasmid pEHBIl 
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2. Oligonucleotide sequence of the HSA 
primer 

3. DNA sequence of the HSA cDNA gene 
(see, for example, European Patent Specfficar 

5 tion published under No. 79739) 

4. 5' Non-coding region modification and 
signal peptide sequence excision 

5. Construction of an "authentic" HSA cDNA 
(MET-HSA) 

10 6. Plasmid pEKII3 

7. Construction of plasmid pEHBD-MET-HSA 

8. Construction of plasmid pETO:l MET-HSA 

9. Galactose Induction of Gene Expression in 
NCYC 240 (pEHBIl) in the absence or presence 

15 of glucose. 

K). Plasmid pEKJOWALBI 

EXAMPLE I 

20 Beta-galactosidase production in Brewing Yeast 
Beta-Galactosldase (EC 3.2.I.23) is an enzyme 
(protein) which hydropses the terminal non-reduc- 
ing beta-D-galactose residues in beta-D-gafacto- 
sides such as lactose. E.coli beta-galactoside is the 
25 product of the Lac 2 gene which is located at map 
position 8 minutes on the Ecoli chromosome 
(Bachmann, B J., I983, Microbiological Reviews. 47, 
p. I80). The LacZ gene forms part of the jac operon,' 
which has played a central role In the elucidation of 
30 the genetic control of gene activity in the prokaryote 
E-coli (Beckwith, J., I972. In "The Operon" p. II, eds. 
Miller, J.H. and Reznikoff, W.S.. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, New York). 
In recent years the structural gene for beta-galac- 
35 tosidase (LacZ) has been used in DNA manipula- 
tions. It has been shown that the amino-terminal end 
of the beta-galactosidase protein is not essential for 
enzymatic activity (Muller-Hfll, B. and Kania, J., I974, 
Nature, 149 , p.56l). This has facilitated the construc- 
40 tion of many gene fusions, in which the 5' - codfrig 
segment of the LacZ gene (corresponding to the 
N-terminal end of the protein) has been replaced 
with other DNA sequences. In these gene fusions, 
the gene transcriptional promoter of Lac Z is 
45 replaced by analogous DNA sequences originating 
from different genes (Casadaban, MJ. et al, ©80. 
Journal of Bacteriology. I43, p. 97I), but proteins 
obtained retain beta-galactosidase activity. 
The Lac Z gene of Ecoli was one of the first 
50 prokaryotie chromosomal genes to be expressed in 
S. cerevisiae (Panthier, JJ. et al , I980, Current 
Genetics , 2, p. I09). In this demonstration the native 
E-coK LacZ gene was sub-cloned into a yeast/E. cofi 
shuttle vector (plasmid) and introduced into labora 1 
55 tory strains of yeast which do not possess endogen- 
ous beta-galactosidase activity. However, the level 
of gene expression and thus enzyme production was 
inefficient using this system. More recently, gene 
fusions have been constructed in which the tran- 
60 scriptional promoter of the yeast cytochrome O 
gene (CYCI) has replaced that of Lac Z. These 
CYCI - Lac Z fusions have been introduced, by 
transformation, into laboratory strains of yeast 
where they have been shown to produce enzymati- 
65 cally active beta-galactosidase (Guarente, L and 
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Ptashne, M. 1981, Proceedings of the National 
Academy of Sciences , U.S.A., 78, p. 2©9). Detailed 
analysis of the CYCI - LacZ gene fusions has shown 
that the levels of beta-galactosldase produced in 
yeast display the pattern of regulation normally seen 
for cytochrome c (he. a reduction of synthesis in 
cells grown in glucose). (Guarente, L and Pfashe, 
M., 1981). In this way the LacZ gene has been used to 
study the regulation of gene expression in both 
prokaryotes and eukaryotes at the level of DNA 
transcription. 

In the yeast CYCI gene, DNA sequences which 
regulate DNA transcription by RNA. polymerase lr 
have been located in two regions upstream (5') of 
the coding sequence for the cytochrome c protein. 
One of these regulatory sequences is situated close 
to where transcription initiates; the other is up- 
stream of the Initiation region and contains an 
activation site which enhances gene expression 
(UASc) (Guarente, L and Ptashne, M. 1981; Faye. G. 
et al, 1981, Processings of the National Academy of 
Sciences , U.S.A., 78 p. 2258). Guarente and co-wor- 
kers (1982. Proceedings of the National Academy of 
Sciences, 79, p. 7410) have shown that other genes 
possess upstream activation sites (UAS), in particu- 
lar the GAUO gene of S. cerevislae . These workers 
constructed a gene fusion In which the UASc of 
CYCI was replaced by the UAS of the GAUO gene. 
Furthermore, the gene fusion which retains the 
promoter (transcription initiation region) of CYCI Is 
fused to the Lac. Z gene of E. coli , such that an 
enzymaticaliy active beta-galactosidase is produced 
in yeast transformed with plasmld DNA carrying the 
hybrid gene (piasmid pLGSD5). 

The regulation of genes involved in galactose 
metabolism in yeast is well understood. The tran- 
scriptional expression of three genes (GAU, GALtO 
and GAL7 encoding enzymes required for the 
metabolism of galactose is dependent upon a 
transcriptional activator encoded by the gene GAL4 
(Oshima, Y. 1982, in "The Molecular Biology of the 
Yeast Saccharomyces: Metabolism and Gene Ex- 
pression" eds. Broach, J.R., et al, p.69, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York). 
The ability of the GAL4 activator protein to promote 
transcription of these genes Is reversibly inactivated 
by the product of the GAL80 gene, (GAL80 re- 
pressor protein). Galactose is thought to bind to the 
GAL80 repressor protein thereby freeing the GAL4 
activator protein to promote transcription of the 
galactose- specific genes. The GAUO-CYCt hybrid 
promoter is subject to induction by galactose In the 
manner described above (Guarente, L. et al , 1982, 
Proceedings of the National Academy of Sciences , 
U.S.A., 79, p. 7410). Thus beta-galactosidase produc- 
tion is induced by galactose. The production of E. 
coli beta-galactosidase in brewing yeast 

In order to introduce the lac-Z gene of E. coli , 
expressed from the GAUO-CYCI hybrid promoter 
into brewing yeast strain NCYC240, it was necessary 
to sub-clone the CUP-I gene present on plasmid 
pETI3:I.The accompanying Figure I outlines a 
scheme whereby the Xbal DNA fragment of approxi- 
mately 2.85 kilo base pairs carrying the CUP-I gene 
was sub-cloned in the single Xbal site of pLGSDS, to 
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form recombinant plasmid pEHBII, containing the 
GALIO-CYCI promoter. 

Brewing yeast strain NCYC240 was prepared for 
transformation with plasmid pEHBil by the following 
5 procedure. The yeast was grown in 100ml YEP 
medium (lOg/litre yeast extract, 20g/lrtre peptone) 
supplemented with 2% w/v glucose to early ex- 
ponential growth phase; cells were harvested and 
washed in cold sterile water prior to resuspending In 
10 lOmM Tris Ha buffer at pH7.6 containing IM Sorbitol, 
lOmM drthiothreitoi and 40jig/ml Zymolyase 6000 
(Kirin Brewery Co. Ltd) at 30° C. After I.5 hours 
incubation the yeast cells are converted Into sphero- 
plasts which are harvested by centrifugation and 
15 washed three times in 20ml of a solution containing 
IM Sorbitol, lOmM CaCI 2 , 10 mM Tris HCI at pH7.6. 
Spheroplasts are finally resuspended in Iml of a 
solution of IM Sorbitol, lOmM CaCI 2 , lOmM Tris HCI at 
pH7.6 and lOOui is added to I5ui of plasmid pEHBII. 

20 This mixture is incubated at room temperature for 30 
minutes prior to the addition of Iml of a solution of 
4fJO/o polyethylene gylcol 4000, lOmM CaCfe, K)mM 
Tris HCI at pH7.6. After 2-6 minutes spheroplasts are 
harvested by centrifugation and gently resuspended 

25 in 0.5ml NEP Sorbitol medium (MgS04 7H2O 2g/^, 
(NH 4 )2 SO4 2g/£. KH2PO4 3g/£ . CaCI 2 2H2O 0.25g/f . 
yeast extract 2g/£, peptone 3g/£ glucose 40g/^, IM 
sorbitol) and Incubajed at 28° C for I hour before 
plating in molten NEP Sorbitol supplemented with 

30 3<Vb w/v agar and 0.2mM CUSO4.7H2O. Plates were 
incubated for 4-6 days at 28° C after which time 
copper resistance colonies were picked and trans- 
ferred to NEP supplemented with 2<Vo agar and 
0.2mM CUSO4.7H2O. Transformants of NCYC240 

35 harbouring the plasmid pEHBII were verified by their 
ability to grow on NEP agar containing ImM 
CuSO 4 .7H 2 0. In addition, these transformants could 
be detected by growth on M63 medium containing 
galactose and the chromogenic indicator Xgal 

40 (5-bromo-4-chIoro-3-indolyl-beta-D-galactoside) 
according to the procedure of Guarente (I983, in 
"Methods in Enzymology, Recombinant DNA, Vol. 
I07, eds. Wu, R. and Grossman, L., p. I8I). Yeast 
colonies producing beta-galactosidase (harbouring 

45 peHBII) develop a blue/green colour which is not 
apparent in those colonies lacking pEHBII. Thus it 
can be shown by means of a simple plate assay that 
brewing yeast transformed with the plasmid pEHBII 
Is capable of producing enzymaticaliy active beta- 

50 galactosidase. 

The yeast strain NCYC 240 (pEHBII) has been 
deposited at the National Collection of Yeast 
Cultures, Colney Lane, Norwich NR4 7AU, United 
Kingdom on December I2th 1984 under No. NCYC 

55 I547. 

Induction of beta-galactosldase production in 
brewing yeast 
Brewing yeast strains NCYC240 (pEHBII) and 

60 NCYC240 (pETI3:l) described in the aforesaid Patent 
Application were grown in aerobic shake flask 
culture (NEP medium plus 2% glucose and 0.2mM 
CUSO4. 7H2O) at 28°C. Late stationary phase cells 
were harvested from the culture medium and 

65 assayed for beta-galactosldase activity as described 
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by Miner (In 'Experiments in Molecular Genetics - ed 
Mfller, J.R, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, New York, I972). 

Cells were washed x 2 in distilled water and 
resuspended In 2 buffer (!6Jg/I Na 2 HP0 4 7H2O 
5.5g/l NaH 2 P0 4 . H 2 0. 0.75 g/l KCI. 0.246 g/i 
MgS0 4 . 7H 2 O t 21 ml/1 2 - mercaptoethanol). The 
absorbance at 600nm was determined and the cells 
were permeabilized by the addition of 3 drops of 
chloroform, 2 drops of OJQfo sodium dodecyl sul- 
phate (SDS) and vortexing for 10 sec. To I ml of 
permeabilized cells In 2 buffer was added 0.2 ml of 
O-nftrophenol-galactoside (ONPG) (4 mg/ml in 
phosphate buffer, pH 7) and the reaction mixture 
was incubated at 28° C. The reaction was stopped by 
the addition of 0.5 ml IM Na2C03, cell debris 
removed, and the absorbance at 420 nm determined. 
Beta-GaJactosfdase units were calculated as de- 
scribed by MDIer (1972). 

Assays revealed that NCYC 240 (pETOrl) did not 
possess any endogenous beta-gaJactosidase activ- 
ity, whereas NCYC 240 (pEHBII) produced approxi- 
mately 1.05 units of beta-galactosidase. When cells of 
NCYC 240 (pEHBII) were resuspended in 2 volumes 
of 2<Vb galactose solution and incubated at 28° C for a 
prolonged period of time, beta-galactosidase activity 
was induced to a considerably higher level. Thus, 
after five hours induction, 135 units of beta-galactosi- 
dase were obtained, without any Increase in cell 
number, whereas after 23 hours induction and a 2 
fold increase in cell number 4154 units of beta-galac- 
tosldase were obtained. When either strain NCYC 
240 or NCYC 240 (peTI3:l) were subjected to the 
same treatment there was no detectable beta-galac- 
tosidase. 

Galactose induction of beta-galactosidas e 
production in brewing yeast followinqir beer 

fermentation \ 

Plasmid pEHBII was transformed, as described 
previously, into a proprietary stram of lager yeast 
BB10.1/BB10.1 (pEHB11) and NCYC 240 (peHBII) 
were grown in NEP medium plus 2% glucose and 
O^mM CuS04.7H 2 0 at 28°C, yeast were harvested 
and pitched (inoculated) Into air saturated brewers 
wort. Fermentation proceeded anaeroblcally at I2°C 
until there was no further reduction in the specific 
gravity of the beer. Fermentation profiles were 
closely monitored and direct comparisons were 
made with fermentations performed on the same 
wort with the parental brewing yeast, NCYC 240 and 
BBI0.I which had not been transformed with plasmid 
PEHBII. In all cases the genetically modified yeast 
fermented the wort at the same rate and to the same 
degree of attenuation as the parental yeast strains 
BBI0.I (PEHBII) and NCYC 240 (PEHBII) were 
harvested from their respective beers by centrifuga- 
tion and followfng two washes in water were assayed 
for beta-galactosidase activity. Neither yeast strain 
produced in excess of L0 units of beta-galactosidase 
when assayed In this manner. However, following 
resuspension in 2<Vo w/v galactose significant quan- 
tities of beta-galactosidase were obtained. Optimal 
conditions for galactose Induction of beta-galactosi- 
dase activity were defined as follows: (I) 2-3o/ 0 w /v 



galactose, (fi) minimal safts medium (I.7 g/l yeast 
nitrogen base without amino acids and ammonium 
sulphate, 5 g/l ammonium sulphate, 2£Vo w/v 
casamino acids), (IB) cell density of 0.1 to 3CWfo, 
5 preferably 100/b. w/v (wet yeast pellet/Induction 
medium) (fv) presence of molecular oxygen. Em- 
ployment of these conditions resulted in the routine 
production of 2000-EOO units of beta-galactosldase 
in NCYC 240 (pEHBII) and BB I0.I (pEHBII) following 
10 24 hours residence in induction medium. 

Strain NCYC 240 (peHBII) was further evaluated 
under beer production conditions. In this case the 
yeast was used to ferment an afl malt ale wort in a 
five-barrel (5 x 163.7 litres) experimental brewery. 
15 The beer produced was conditioned, fined and 
packaged into bottle, after which ft was compared 
with a control beer fermented by the parental yeast 
NCYC 240, produced under Identical conditions. 
Qualitative organoleptic analysis did not reveal any 

20 significant difference between the two products. 
Thus ft is apparent that brewing yeast can be 
successfully genetically modified such that they are 
capable of producing significant quantities of he- 
terologous protein following a post-fermentation 

25 induction, without adversely influencing the ability of 
the yeast to produce the primary beer product. 



30 



EXAMPLE II 



Production of Human Serum Albumin protein in 
Brewing Yeast 

The cloning of the Human Serum Albumin (HSA) 
cDNA was carried out using a specific oligonucleo- 
tide primer (see Baralie, F.E., I977, Cell, 10, 549-558: 
35 Noyes, B.E. etaj, 1979, Proceedings of the National 
Academy of Science . U.S.A. 76. 1770477/1 : Mr,Hc^ n 
P. etaj. 1981, Nature , 291, 127-131). By selecting a 
favourable region of the known amino acid sequence 
of the HSA protein (Dayhoff, M.O., 1976, Atlas of 
40 Protein Sequences and Structures Nat. Biomed. 
Res. Foundation Washington) it was possible to 
predict from the genetic code eight 14 long oligonu- 
cleotides, one of which should be exactly com- 
plementary to the HSA messenger RNA (mRNA) 
45 (see Figure 2 of the accompanying drawings). The 
oligonucleotides were synthesized simultaneously 
(by the method of Wallace. R.B., 1981. Nucleic Adds 
Research, 9, 879-894) using the solid phase phos^ 
photriester method developed by Gait, M.K. etal 
50 (1980. Nucleic Acids Research, 8, I08H096). , This 
mixture of synthetic oligonucleotides was used as a 
primer for cDNA synthesis using human liver RNA as 
a template (see Baralie, F.E, 1977, Cell, 12, 1085-1095). 
The synthesized cDNA was fractionated on a 
55 denaturing gel and an appropriately sized band was 
eluted. This single stranded cDNA was then con- 
verted to double strand by the Toop back* reaction 
with Klenow DNA polymerase (see Wickens, M.P., 
etal, 1978, Journal of Biological Chemistry. 253* 
60 2483-2495). The resulting double stranded cDNA 
was digested with TagI and ligated to MI3mp9 vector 
which had been Accl-restricted and alkaline phos- 
phatase-treated and the ligation mixture was trans- 
formed into the E.coli strain JMI0I (Messing J. and 
65 vleira. J., 1981, Analects. 9. (8), I). The DNA sequence 
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analysis (determined by the method of Sanger, F. 
etal , I980. Journal of Molecular Biology , I43, 16I-I78) of 
a sample of the recombinant phage allowed the 
Identification of two clones herein designated 
MI3ALBI and MI3ALB2 (Fig. 3). These clones 5 
included the DNA sequence of the HSA cDNA 
between nucleotides I44-692 (MI3ALBI) and 692-966 
(MI3ALB2) (Fig. 3). 

A cDNA library was prepared synthesizing cDNA 
with total liver mRNA as template and using oligo 10 
thymine OTI2-I8 as primer. The cDNA's were con- 
verted to double strands as described previously 
and the single strand hairpin loop structure was 
digested with SI nuclease (Efstratiadis, A. etal, I976, 
Cell , 7, 279-288). The products were purified on a 15 
Sephacryl S 300 column and the eventual 5' 
overhanging ends of the cDNA were repaired by 
"filling in" with the Klenow fragment of DNA 
polymerase I. The cDNA molecules at this stage 
were predominantly blunt ended so they were 20 
ligated to the Pyuil site of pATI53Pvull8 (previously 
treated with alkaline phosphatase to avoid Its 
circulaiization (Anson, D. etal. The EMBO Journal, 3, 
I984, pp I053-I064) and transformed into E.coli strain 
MCI06I (Casadaban, M.T., & Cohen, SN., I980 Journal 25 
of Molecular Biology, I38, I79-207) or another 
appropriate strain. Approximately 10,000 recombi- 
nant colonies were produced from 10 u. g of mRNA. 
The DNA in these colonies was screened for HSA 
DNA sequences using radioactive probes prepared 30 
from MI3ALBI and MIALB2 by nick translation 
(Rigby, P.WJ. etal , 1977, Journal of Molecular 
Biology , 113, 237-251). Colonies of Ecoli strain MCI06I 
harbouring recombinant cDNA clones possessing 
DNA sequence homology with the HSA gene were 35 
isolated as described by Baralie, F.E. etal (1980, 
Nucleic Acids Research , 8, 4393-4404). Full length 
cDNA clones were characterised by DNA sequence 
analysis (Maxam. A.M. and Gilbert, W., 1980, Meth- 
ods in Enzymology, 65, 499-560; Sanger, F. etaJ, 40 
1980, Journal of Molecular Biology , W3, 161-178) and 
were found to include the entire HSA cDNA gene 
(Fig. 3). The 5' non-coding region and the signal 
peptide sequence of the full lengths HSA cDNA were 
excised in the way shown in Figure 4 to produce 45 
plasmld pAT135ALB. 

Construction of a MET-HSA cDNA 

The strategy for the construction of a MET-HSA 
cDNA employed generally known techniques: a SO 
summary is shown In Figure 5. The 1843 base pair 
BamHI fragment from pATI53 ALB was isolated, and 
made flush ended by nuclease SI treatment (Manl- 
atis et aJ, 1982, Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor , USA) at the Xbal site of 55 
M!3mpl9 (Messing, 1983, Methods in Enzymology, 
Recombinant, jfjl , 20-78), the latter having been 
similarly made flush ended by nuclease SI treatment. 
Following transfection of E. coli JMI0I, lysates were 
prepared from several plaques and single stranded 60 
(SS) DNA isolated from the mature bacteriophage 
particles. Subsequent to DNA sequence analysis 
(Sanger, 1977 eTal, Proc. Nat. Acad. Sci„ USA , 74, 
5463) the recombinant MK3mpl9.7 was Identified. 
Double stranded (RF) DNA was prepared and 65 



cleaved at the newly created unique Xhol site by 
treatment with the latter restriction endonuclease, 
followed by SI nuclease digestion to remove the 5' 
single strand extensions. 

These manipulations served to expose the first 
codon (GAT) for the mature, native polypeptide 
sequence. Next, a synthetic oligonucleotide whose 
5' ends were unphosphorylated was inserted at the 
modified Xhol site. As previously, recombinants 
were analysed directly by DNA sequence determina- 
tion following transfection and SS DNA preparation. 
The sequence of the relevant portions of one such 
recombinant, MK3 mp 19.7 met/9, is shown (Figure 5). 
This deviates from the expected sequence, also 
shown In Figure 5; this deviation is most probably 
due to secondary structure formation about the 
double Bam HI site and subsequent excision of the 
non-bonded regions of the Intrastrand partial du- 
plex. These deviations are inconsequential since the 
sole purpose for the linker insertion was to introduce 
an initiation codon (ATG) and a Bam HI site immedi- 
ately upstream from the HSA coding sequence, 
which was achieved. For convenience a further 
Bam HI site was introduced 3' to the MET-HSA 
coding sequence in MI3mpl9.7 met/9. In this in- 
stance RF DNA of the latter molecule was cleaved at 
the unique Sajl site, originating in the cloning linker 
of MI3mpl9, and this species made flush ended by 
treatment with E.coli DNA polymerase I (the large 
fragment or "Klenow" fragment (Maniatis etal, 1982, 
Molecular Cloning: A Laboratory Manual , Cold 
Spring Harbor, USA)). The same linker used above 
was inserted at this modified site. Following RF DNA 
preparation and Bam HI digestion a suitable recombi- 
nant clone was identified and this was designated 
MI3mpl9.7 met/9.1 A single Bam HI fragment carrying 
the full length MET-HSA cDNA gene was subse- 
quently cloned in the single Bam HI site of the Ecoli 
vector pBR322 (Bolivar et al, 1977, Gene , 2, 95-113) to 
derive a plasmid designated pEKII3 (Figure 6). 
Plasmid pEKII3 was transformed into the E.coli strain 
MCI06I (Casadaban & Cohen, 1980, Journal of 
Molecular Biology, 138, 179-207) which was deposited 
in the National Collection of industrial Bacteria 
(NCIB) Tony Research Station, PO Box 31. 135, 
Abbey Road, Aberdeen, Scotland, AB9 8DG on April 
3rd 1986 and has the accession number NCIB 12242. 

The Inducible Expression of HSA-like Protein in 
Brewing Yeast 

In order to produce HSA-like protein in brewing 
yeast by an inducible gene expression system it Is 
necessary to fuse the MET-HSA cDNA coding 
sequence to an appropriate expression signal. The 
GALIO-CYCI hybrid promoter which controls the 
galactose inducible expression of the E.coli lacZ 
gene (p-galactosldase production) has general ap- 
plication as a system for mediating the galactose 
inducible expression of heteroloqous genes in 
brewing yeast. To take advantage of this, the 
MET-HSA cDNA is fused to the GAU0-CYC1 pro- 
moter present in plasmid peHBII. Plasmid peHBII is 
digested with the restriction endonuclease Bam HI 
and the Bam HI fragment carrying the MET-HSA 
cDNA from pEKi!3 is inserted. The orientation of 
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insertion is determined by characterising the recom- 
binant plasmlds generated wfth restriction endonu- 
deases and separating the fragments thus formed 
by agarose gel electrophoresis. A recombinant 
plasmld is isolated in which the 5' MET-HSA cDNA 
has fused wfth the 3' GAUO-CYCI hybrid promoter, 
such that following DNA sequence analysis (Maxam, 
A. M. and Gilbert, W., I980, Methods in Enzymology, 
65, 409-560) the junction of the fusion has the DNA 
sequence 5' ... TTAATA ATG ACC GGA TCC ATG 
GAT ... 3 / (See Rgure 7). This piasmid is designated 
peHBll-MET-HSA and may be introduced into brew- 
ing yeast strains NCYC 240 and BBIO.I by transfor- 
mation and selection for copper resistance as 
described previously. Brewing yeast strains trans- 
formed with pfasmid peHBIJ-MET-HSA are expected 
to produce under appropriate conditions an HSA- 
like protein consisting of Ave additional amino acids 
prior to the first N terminal amino acid of mature HSA 
(N-methlonine f threonine, glycine, serine, meth- 
ionine- HSA-C). 

Strain NCYC 240 and BBIOJ harbouring peHBII- 
MET-HSA may be grown to stationary phase in NEP 
glucose medium supplemented with 0\2mM 
CUSO4.7H2O. Cells are then harvested bycentrifuga- 
tion and washed in water before resuspending for 24 
hours under optimal conditions for galactose Induc- 
tion of gene expression, described previously. 
Crude cell extracts of Induced (plus galactose) and 
uninduced (without galactose) cultures are prepared 
by disrupting the cells on a Braun homogeniser in 
O.IM sodium phosphate pH 7. 5, ImM phenylme- 
thylsulfonyl fluoride and 5mM 2-mercaptoethanol. 
The resultant cell extracts are assayed for the 
presence of Human Serum Albumin protein by SDS: 
polyacrylamide gel electrophoresis followed by 
Western blotting (see Mellor, J. et al, I985, Gene , 33, 
p2l5). The results of this assay indicate thaTthose 
cultures which had been induced in the presence of 
galactose contained significant quantities of intra- 
cellular Human Serum Albumin-like protein, whereas 
uninduced cultures do not. 

A similar galactose induction of Human Serum 
Albumin-like protein production can be obtained 
with both NCYC 240 (peHBIJ-MET-HSA) and BBIO.I 
(peHBll-MET-HSA) harvested from a beer fermenta- 
tion in which the yeast strain has first been used to 
ferment brewers wort under anaerobic fermentative 
conditions. Yeast harvested at the end of the beer 
fermentation does not contain detectable quantities 
of Human Serum Albumin-like protein, whereas 
following 24 hours of galactose induction significant 
amounts of protein can be detected. It is further 
noted that brewing yeasts generally modified in the 
manner described are capable of fermenting bre- 
wers wort at the same rate and to the same degree 
of attenuation as their unmodified parental counter- 
parts; beers thus produced are indistinguishable 
from controls or organoleptic analysis. 

The Inducible Expression of MET-HSA in Brewing 
Yeast 

The GAUO-CYCI- HSA fusion piasmid pEHBII- 
MAT-HSA can be shown to produce an HSA-fike 
protein in brewing yeast following post-fermentation 



induction in galactose induction medium, mis pro- 
tein is described as HSA-fike since it possesses five 
extra amino acids at the N-terrhinus, as described 
previously, in order to produce a more 'authentic" 
5 HSA protein it is necessary to construct a 
GAUO-CYCI hybrid promoter transcriptional fusion 
wfth me MET-HSA cDNA in which the 5' translational 
ATG codon (methionine) is supplied by the MET- 
HSA cDNA. For this purpose the ATG- GAUO-CYCI 
10 promoter carried by the publicly available piasmid 
G2 can be used (Guarente, I983, Methods in 
Enzymology, Recombinant DNA. IQI. I8I-I9I). Piasmid 
G2 Is digested with the restriction endonuclease 
BamHI and iigated wfth'VI.8 kilo base-pair MET-HSA 
15 cDNABamHI fragment from pEKIB. The orientation 
of insertion is confirmed by restriction endonuclease 
indigestion and shows that the 5' MET-HSA cDNA Is 
fused to the 3' GAUO-CYC ATG- promoter. This 
plasmld Is designated G2 MET-HSA (see Rgure 8) 
20 Piasmid G2 MET-HSA carries an E.coli piasmid 
origin of DNA replication, the 0-lactamase gene 
conferring ampicillin resistance in E.coli , the 2um 
origin of DNA replication of yeast, the URA-3 gene of 
yeast (facilitating selection by complementation of 
25 ura-3 autotrophs in laboratory yeast) and the 
GALIO-CYCI- MET-HSA fusion cassette. Transcrip- 
tion of the MET-HSA gene is expected to result in 
the synthesis of a messenger RNA which will initiate 
translation at the first ATG in the message, and this 
30 ATG is provided by the MET-HSA gene. 

In order to regulate the expression of the 
MET-HSA gene in brewing yeast, and thus the 
production of an "authentic" recombinant Human 
Serum Albumin protein, it is necessary to fuse the 
35 GALIO-CYCI- MET-HSA expression unit to the CUP-I 
gene. This is accomplished by digesting piasmid 
G2-MET-HSA with the restriction endonuclease 
Hindlil, which cleaves upstream (50 of the URA-3 
gene and downstream (3') of the MET-HSA coding 
40 sequence (see Figure 8). and subcloning this 
fragment into the Hindlil site of pETI3:l to form 
piasmid designated pETI3d-MET-HSA (Figure 8). A 
second piasmid, designated pEKIOI4 ALBI, with 
similar features to pETO^MET-HSA, is shown in 
45 Figure K). 

Piasmid pETl3:J-MET-HSA is subsequently trans- 
formed into the brewing yeast strains NCYC 240 and 
BBIOJ by the methods described previously. Brew- 
ing yeast strains harbouring piasmid pETJ3:l-MET- 
50 HSA are grown to stationary phase in NEP glucose 
medium supplemented with 0.2mM CUSO4.7H2O. 
Cells are harvested and processed prior to the 
galactose Induction of gene expression, as de- 
scribed previously- Cell extracts were prepared and 
55 assayed for the presence of N-methionyl human 
serum albumin, as described previously. In all cased 
brewing yeast strains harbouring the GAUO-CYO- 
MET-HSA (pETI3:l-MET-HSA) producedlH^fficant 
quantities of N-methionyl human serum aJbumin 
60 protein. When the same strains are grown on 
brewers wort under anaerobic conditions, followed 
by induction of gene expression and HSA assay as 
described previously, significant quantities of N-me- 
thionyl human serum albumin can be detected. The 
65 yeast harvested at the end of beer fermentation 
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does not possess any detectable N-methlonyl 
human serum albumin protein prior to galactose 
induction. 

EXAMPLE III 

Galactose induction of heterologous protein 
synthesis in the presence of glucose 

Brewing yeast NCYC240, BB6 and BBI0.I were 
transformed to copper resistance with plasmids 
pEHBII and pETOrl MET-HSA. Transformants were 
checked and verified as described (Hinchliffe & 
Daubney, Journal of the American Society of 
Brewing Chemists , I986, 44, pp 98-iOI), The geneti- 
cally modified yeasts harbouring each of the 
aforementioned plasmids were grown in NEP glu- 
cose medium supplemented with 02 mM 
CuSO4.7H20 f prior to inoculation into hopped bre- 
wers wort. Fermentations were performed under 
standard beer fermentation conditions, following 
which yeasts were separated from the beer by 
centrifugation. The residual yeast was then resus- 
pended at 5% w/v ceil density in minimal medium 
containing 2% w/v galactose (Sigma Chemical Co., 
G-0750, containing less than.O.OK>/o glucose) and 
2.5<Vo w/v hydrolysed casein. The yeast was stirred 
vigorously to ensure good mixing and ingression of 
oxygen. After five to twenty four hours of induction, 
samples of yeast were assayed for the presence of 
intracellular heterologous protein. Brewing yeast 
harbouring plasmid pEHBII gave rise to significant 
quantities of p-galactosidase, whereas brewing 
yeast harbouring pETI3:l did not produce any 
p-galactosidase. A comparison of the absolute level 
of intracellular p-galactosfdase present in yeast 
induced in the presence or absence of glucose 
indicated that there was no significant difference in 
the relative amounts of enzyme produced. Whilst 
slight variation was observed between the rate at 
which p-galactosidase was synthesized between 
yeast induced in the presence and absence of 
glucose, the absolute levels of steady state protein 
were the same following twenty four hours induction. 
A similar result was observed for brewing yeast 
harbouring plasmid pETI3:l MET-HSA induced under 
similar conditions. 

These results indicate that glucose does not 
adversely influence the absolute amount of protein 
synthesized when yeast is induced in the presence 
of both galactose and glucose. 

EXAMPLE IV 

Galactose Induction of heterologous protein 
synthesis using commercial galactose containing 
equivalent concentrations of glucose. 

The galactose induction characteristics of the 
yeast described above were further evaluated in a 
hydrolysed lactose medium (SDC09) derived from 
the enzymlc hydrolysis of cheese-whey permeates 
(Specialist Dairy ingredients, Chichester House, 
Chichester Street, Chester). The hydrolysed lactose 
medium was diluted ten-fold in distilled water prior to 
inoculation at 5% w/v yeast with the genetically 
modified brewing yeast. The same yeast cultures 



were similarly induced In minimal medium containing 
2o/o w/v galactose and 2.5% w/v hydrolysed casein 
as well as the same medium supplemented with 2% 
w/v glucose. Yeasts were induced over a twenty four 
5 hour period and samples taken to determine the 
amount of protein (P-galactosldase) present. The 
results presented in Figure 9 indicate that yeast 
harbouring plasmid pEHBII could be induced to 
synthesize similar absolute amounts of Intracellular 

10 p-galactosidase following twenty four hours incuba- 
tion in the presence of either diluted hydrolysed 
lactose of galactose plus glucose. In addition the 
results presented in Figure 9 suggest that higher 
absolute levels of p-galactosidase can be produced 

15 in NCYC240 (pEHBII) in the presence of galactose 
plus glucose, rather than galactose alone. 

EXAMPLE V 

20 Galactose Induction of N-Methionyl-Human Serum 
Albumin Synthesis at High Cell Dry Weight by the 
Controlled Addition of Glucose and Galactose 
Mixtures 

The brewing yeast strain BBH was transformed to 

25 copper resistance with the plasmid pEKlOI4 ALB I 
(fig.lO). Transformants were checked and verified as 
described previously (Hinchliffe and Daubney, 1986, 
Journal of the American Society of Brewing Chem- 
ists , 44, 98-101). The genetically modified brewing 

30 yeast containing the plasmid was grown in hopped 
brewers wort in an experimental brewery. Yeast was 
harvested by centrifugation and ceils were resus- 
pended at high cell dry weight <50g per litre) in 1.25 
litres (final volume) of LB. medium (Miller, J.H., 1972, 

35 In "Experiments in Molecular Genetics", Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York) 
in a Braun Biostat E fermenter. Fermentation 
conditions were set to 30° C, pH5.0+ 0.1, dissolved 
oxygen tension (DOT) j25<Vb air saturation. Glu- 

40 cose and galactose were introduced to the fer- 
menter by the gradual addition of 0.25 litres of a 15% 
w/v glucose, 15% w/v galactose solution over a 5 
hour period. Intracellular N-methionyl human serum 
albumin was observed after two hours under these 

45 conditions, maximum levels were achieved after 3.5 
hours as determined by densitometric scanning of a 
Coomassie blue stained SDS: polyacrylamide pro- 
tein gel containing yeast cell extracts as described 
previously. During the course of this experiment the 

50 concentration of glucose and galactose were moni- 
tored in the fermenter using standard procedures. It 
was observed that there was no apparent accumula- 
tion of glucose during the fermentation since the 
glucose concentration always remained below the 

55 basal level of about 0.2g per litre; thus substantially 
no glucose was present under these conditions 
since presumably the yeast catabolized this sugar 
immediately upon addition. On the other hand 
galactose was seen to briefly accumulate at the 

60 beginning of the fermentation; however, after two 
hours the galactose concentration in the fermenter 
was substantially reduced with the concomittant 
appearance of intracellular N-methionyl human 
serum albumin. The overall process used only 50g 

65 per litre carbohydrate (25g per litre glucose and 25g 



9 



3*000248637 ffite:/A\wiirad02\firr^^ 



17 



0248 637 



per litre galactose) and yielded levels of intracellular 
N-methionyl human serum albumin equivalent to 
those obtained previously employing simple batch 
additions of glucose: galactose mixtures using the 
same genetically modified brewing yeast s 



Cfalms 

1 . A process for the production of a protein or 
peptide which is heterologous to yeast which 
comprises inducing the expression of the 
protein or peptide in a yeast which has been 
genetically modified to be capable of express- 
ing the heterologous protein or peptide upon 
induction by galactose, the induction being 
carried out in the presence of a galactose-con- 
taining medium which contains a significant 
amount of glucose and obtaining the said 
heterologous protein or peptide therefrom. 

2. A process according to claim 1 wherein the 
galactose-contalning medium is derived from 
whey permeates or from hydrorysed raffinose. 

3. A process according to claim 1 wherein the 
galactose-containing medium is derived from 
the enzymic and/or chemical hydrolysis of 
lactose. 

4. A process according to any one of the 
preceding claims wherein the galactose-con- 
taining medium is added gradually to an 
aqueous medium containing the genetically 
modified yeast. 

5. A process according to any one of the 
preceding claims wherein the protein or peptide 
is human serum albumin or a human serum 
albumin like protein. 

6. a process according to any one of the 
preceding claims wherein ihe yeast used is a 
genetically engineered modification of an indus- 
trial strain of Saccharromycescerevisiae or S. 
cartsbergensis^ " — ~ 

7. A process according to claim 6 wherein the 
yeast used is a genetically engineered modifica- 
tion of brewing yeast NCYC 240, BBS, BB10 1 
orBB11. 

8. A process according to any one of the 
preceding claims wherein the yeast is obtained 
from the product of a fermentation process 
which is carried out in an aqueous carbohy- 
drate-containing medium under such condi- 
tions that the yeast multiplies with substantially 
no expression of the heterologous protein or 
peptide taking place. 

9. A process according to claim 8 wherein the 
yeast is separated from the fermentation pro- 
ducts prior to the expression of the heterolo- 
gous protein or peptide. 

10. A process according to claim 8 or 9 
wherein the aqueous carbohydrate-containing 
medium contains maltose as the major sugar 
present 

11. A process according to claim 10 wherein 
the aqueous carbohydrate-containing medium 
is a barley malt-based beer wort. 
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12. A process according to any one of claims 8 
to 11 wherein the fermentation Is effected at 8 
to25°C. 

13. A process according to any one of claims 8 
to 10 wherein the aqueous carbohydrate-con- 
taining medium is a fermentation medium for 
the production of potable distilled ethanol or 
power ethanoL 

14. A process according to claim 13 wherein 

the medium is based on grain, potatoes, 

cassava, sugar cane, sugar beet, or a lignoce^ 

fulosic material optionally pretreated to convert 

the cellulose and/or starch therein into ferment- 
able sugars. 

15. A process according to any one of claims 8 
to 14 wherein the fermentation is a substantially 
anaerobic fermentation. 



10 



gfi00024 8637ffiie:/A\wlmad02\firmdataMP\Fole v pat\PatentDocuments\EP0002^ 



Page 11 of 24 



0248637 



Fig.1 . Construction of plasmid pEHBII 
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Sau3A f S; XbaI,X; XhoI.Xh. 



p-Galactosidase 



^-Lactamase E 
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Fig.5. Construction of on "outhe ntic" HSA cDNA (MET-HSAj 
MI3 mp 19 (Messing. J. 1983, Methods in EnzymoloqyJOL DD 20) 



PstI 



5 ' — LgtcgactctagaggatccccgggI 



§stl 



3't- 1 ,L 

3 |^ Soli 
Hindm 



JL 



JU 



Xbo l BomHI L 



r~ 5 

^ J EcoRI 



Xbo l digest 



PstI SoH 



T 



I SI nuclease 

3 1 *5f I 
.T AGGATCCCCGGG_l 

" A 5* 3 i r ££JAGG GGCC C 



SstI 



Hindu 



BomHI L 



Smol 



J 



T 5 ' J 



Hind u 
GATC i ATCTCG 



EcoRI 



3' 



.TAG AGCCTAG 
ASP 



5' 



1843 bp BomH-I 
fragment from 
pAT I53A LB (Fig. 3.) 



HSA codinq region 

jSI nuclease 



HindU 

5 LL_ 

3'' 



ATC TCG Blunt end ligote 

TAGAGC-i 
o 



PstI Soli Hindm junction 

— 1 1 J i ATCTCG 

'. TAG AG C 



AGGATCCCCGGG. 
TCCTAGGGGCCc! 



Hind m Junction 



CTCGAG site 



primer 



Xho l digest 
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5' 



ATC 



TCXSAGGATOXOGGG ■ 



3' 



3 ( 



"TAGAGCT 



CCTAGGGGOCC- 



SI nuclease 



5 f « 



-ATC 



GGATCCCXX3GG- 



5' 



-3 ( 



3' 



-TAG 



CCTAGGGGCCC- 



*5' 



synthetic oligonucleotide - CATGGATC3CATG 
(12 mer) GTA(XTAGGTAC 

insert, clone, sequence 

i 

ftol9.7met/9 12 ner (Note: 5* TG 3* deletion see text) 

r 1 — \f 

5' ATC CAT GGATCCA GGATCCCOGGG 3* 



3' 



TAG CTA CCTAGGT CCTAGG GGCCC- 

1 i 1 "-r— 1 

ASP MET BamHI BaroHI 



5* 



MCT-HSA cDNA 



Sail digestion (3' site in the non-coding 
region of the M13npl9 cloning linker) 



DNft polymerase I (Klenc**) 



synthetic oligonucleotide CATGGATCCATG 
(12 mer) CTACCTAGGTAC 
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Fig 6 Plasmid pEK1 13 




mm pBR322 DNA 
EZU MET-HSA DNA 

Restriction endonuclease sites 
(see Fig. 1) 
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Fig.7 Construction of plasmid 
PEHB11 MET-HSA 

>h5 h * eh 




Bam Hl fragment 
from pEK1 13 

B HB 

\;;//;;;/>\ 

MET-HSA 



Ligase 
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Fig.8 Construction of plasmid pET13:1-MET-HSA 
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2000 



Galactose Induction of Gene Expres sion inNCYC240 
(pEHBII) 




KEY 

•— • Galactose+Glucose 

©~o SDC09(1:10) 

X-X Galactose 



10 



Time (Hours) 



~l — 

20 



i 

30 
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Fig JO. Plosmid p£K1014 ALB1 




BamHI 



Ecoli plasmid pAT153 DNA, mb ; yeast chromosomal DNA, 
' ' ; N-methionyl human serum albumin coding sequence from 
pEK113, ; GAL10 / CYC1 hybrid promoter, ezzzzi . CYC 3' 
transcription terminator, Emm ; yeast 2yum plasmid DNA, ; 

GAL10 / CYC1 - N-methionyl human serum albumin fusion: DNA 
sequence 



5' Met Asp 3' 

- TTAATAA TAACTGAATTCCC6GGGATCC ATG GAT ^ - - - 
CYC1 5' Wt-HSA 
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5 1 



ATC 



TCEAGGATOOCOGGG 



3 1 



3 1 



•TAGAGCT 



CCTAGGGGOCC- 



5'- 



•AIT 



SI nuclease 
GGATOCCOGGG 



5' 



-3' 



-TAG 



CCTAGGGGCOC - 



•5' 



synthetic oligonucleotide CATCGATOCATG 
(12 mer) GHSCCTM&TAC 

insert, clone, sequence 

i 

Mpl9.7met/9 12 rer (Note: 5' TC 3' deletion see text) 



X 



5' 
3' 



ATC CAT GGATOCA. GGATCCCOGGG 



TAG GTA CCTAGGT OCTAGG GGOCC- 
1 -J I I 



3' 
5* 



T 



T 



ASP MET BamHI BarriHI 



MCT-HSA CDNA 



Sail digestion (3' site in the non-ooding 
region of the M13mpl9 cloning linker) 



DN?V polymerase I (Klenow) 



synthetic oligonucleotide CATGGATCCATG 
(12 mer) GTACCTAGGTAC 



